The objective of this study was to examine and characterize limb-threatening lower extremity wound or soft tissue complications after coronary artery bypass (CABG) and determine risk factors for their cause. While minor wound problems of the leg after CABG are not uncommon, serious limb-threatening complications, though less frequent, do occur and are often de-emphasized in the surgical literature.
Introduction
The benefits of coronary artery bypass grafting (CABG) for the treatment of ischemic heart disease have become widely accepted, with over 800 000 procedures performed annually world-wide. 1 While many studies have been published examining the morbidity and mortality associated with CABG, 1-5 lower extremity soft tissue wound complications often go unappreciated in these reports. In 1986, nearly 20 years after the introduction of CABG, 6 Lee and Reinstein encountered a patient where a below-knee amputation was required after a vein harvest incision site failed to healan event felt by the authors to be so rare that it was pub-lished as a case report. 7 In contrast, many surgeons, including our own group, have regularly treated lower extremity wound problems after CABG through the years and have been impressed how these complications are often deemphasized and underrated.
While the incidence of minor wound complications after CABG has been reported to be as high as 24% [8] [9] [10] , these complications are often dismissed as expected occurrences of a lower extremity saphenous vein harvest incision. Lost in these statistical figures are the devastating lower extremity problems that can occur after CABG and are limb-threatening in nature. These major complications, which may include the need for additional peripheral vascular surgery, prolonged hospitalization and eventual major limb amputation, have received relatively little attention in the surgical literature. The purpose of this study was to examine the incidence of limb-threatening lower extremity wound and soft tissue complications after CABG and to characterize factors associated with their cause.
Methods
From January 1, 1995 to December 31, 1995, 1090 consecutive CABG procedures were performed on 1090 patients at a 768-bed community teaching hospital by eight attending cardiac surgeons. All charts were available for review and were individually screened by our investigators for lower extremity soft tissue problems or vein harvest wound complications that were felt to be limb-threatening or extraordinary in nature. Limb-threatening wound complications were defined, for the purpose of this study, as wounds attributed to the CABG procedure that required a separate trip to the operating room (debridement, amputation, revascularization, etc.) for treatment, which prolonged the length of hospital stay, or which required extended home health nursing wound treatment. Minor lymph leaks, leg edema, cellulitis or abscesses treated as an outpatient were considered minor problems and were excluded from the study.
After identifying the study cohort, a control group was derived by selecting a 10% systematic sample (109 patients) from the remaining patients. If a chosen patient had a complication during the selection of the control group, the next patient without a complication was substituted. The lower extremity soft tissue complications were categorized and these patients were compared with the control group. Variables analyzed included demographic and risk factor comparisons, as well as surgical characteristics, mortality and length of stay.
Particular attention was given to the preoperative documentation of lower extremity peripheral vascular disease (PVD) and the subsequent development of a wound complication. Each chart was screened for the documentation of peripheral pulses, non-invasive vascular studies and lower extremity arteriograms. For the purpose of this study, significant PVD was felt to be present if an ipsilateral ankle/brachial index was less than 0.8, a great toe pressure was less than 50 mmHg, a flat toe or forefoot photoplethysmography waveform was documented or significant anatomic arterial occlusive disease was seen on arteriogram. If a peripheral pulse exam was not documented in the history and physical examination, the physician admission note or any other physician consult note, that chart was considered to be devoid of a preoperative vascular physical examination.
Although procedures were performed by eight different surgeons, perioperative management of patients in this study was often standardized. Leg wound closure of vein harvest incisions varied from surgeon to surgeon but generally consisted of a running continuous subcutaneous absorbable suture and a skin closure with nylon sutures, staples or a subcuticular absorbable suture. Anesthesia and cardiopulmonary bypass were provided by the same team of anesthesiologists and perfusionists. The same postoperative intensive care, floor nursing care and cardiac rehabilitation protocols were applied to all patients, regardless of attending physician. All patients received perioperative prophylactic antibiotics.
Data for this report were obtained by chart review of both the study and control groups by two authors (TT, ST) and tabulated by our Department of Research. Data were obtained on the following specific variables: age, race, sex, previous MI (11 missing), previous CABG (one missing), Vascular Medicine 1999; 4: 83-88 height and weight (two missing), history of chronic obstructive pulmonary disease (COPD), history of insulin-or noninsulin-dependent diabetes (five missing), planned elective surgery or unplanned emergent surgery (one missing), pump time (four missing), number of vein grafts, number of internal mammary grafts, the perioperative use of an intra-aortic balloon pump (four missing), creatinine levels (five missing), peripheral vascular complications, and length of stay. Utilizing univariate analysis, the two groups were compared using Fisher's exact test (categorical variables) or the Mann-Whitney U test (continuous variables). Logistic regression was used to assess the simultaneous effect of all risk factors found significant by univariate analysis. Backwards elimination procedures were used (criteria for inclusion in the model, p Ͻ 0.10). Goodnessof-fit was assessed by the Hosmer-Lemeshow test.
Results
All cardiac surgery data were tracked by an institutional quality assurance department independent of this study and submitted to the Society of Thoracic Surgery National Cardiac Surgery Database. 11 The submitted mortality for firsttime CABG during 1995 was 2.6%, with a perioperative myocardial infarction rate of 0.4%. These data compared favorably with the National Database for 1994-1995 where composite mortality was 3.2% and perioperative myocardial infarction was 1.3%.
Limb-threatening wound complications, as defined by the parameters of this study, occurred in 5% (54/1090) of patients. Complications and eventual outcomes of the involved extremities are listed in Table 1 . All wounds that eventually healed had protracted courses with healing times of at least 4 weeks per wound. Multiple debridements were often required. Two patients had minor amputations (toe amputation, n = 1; transmetatarsal amputation, n = 1) prior to successful limb salvage. Four patients (7.4%) required five major lower extremity amputations (below-knee, 2; bilateral below-knee, 1; above-knee, 1). The 30-day mortality of patients with major wound complications was 9.3%. Lower extremity wounds were still present in all five patients at the time of death. Nine patients (16.7%) required major aortoiliac/axillary artery inflow or infrainguinal revascularization procedures prior to successful healing of all nine wounds. Revascularization had not been attempted first for the four patients who required a major amputation.
A total of 12 patients (22.2%) had multiple wound complications per extremity. The type of wound complication observed included: vein harvest incision non-healing (n = 36, 66.7%), heel or leg decubitus ulceration (n = 11, 20.4%), forefoot ischemia secondary to fixed atherosclerosis or microscopic atheroembolism (n = 10, 18.5%), groin hematomas (n = 4, 7.4%), severe cellulitis (n = 2, 3.7%), groin abscess (n = 2, 3.7%) and full thickness tape burn with cellulitis (n = 1, 1.9%).
Decubitus ulcers occurred at the heel (n = 4), the proximal leg (n = 5) or both the heel and the leg (n = 2) in 11 patients. Six of these patients (54.5%) had other leg wounds in addition to the decubitus ulcer. Nine (81.8%) ulcers healed with prolonged conservative wound care. Two patients (18.2%) died with unhealed decubitus ulcers. A comparison of demographics, risk factors and surgical characteristics between the study group and control group is shown in Table 2 . Statistically significant variables for the development of lower extremity wound complications after CABG included older age (67.9 years vs 62.4 years; p = 0.007), female sex (57% vs 28%; p Ͻ 0.001), non-white race (15% vs 6%, p = 0.05), insulin-or non-insulin-dependent diabetes (57% vs 33%, p = 0.005), and longer cardiopulmonary bypass pump time (129 min vs 114 min, p = 0.009). The length of stay in the hospital was significantly longer for the study group compared with the control group (18.5 days vs 8 days; p Ͻ 0.001). No discernible difference in complication rate occurred from surgeon to surgeon or from the type of wound closure used.
Variables in Table 2 with p-values Ͻ 0.10 were entered into a logistic regression model using stepwise procedures. The final model included age, sex, race, diabetes and pump time (Hosmer-Lemeshow test, p = 0.30). Odds ratios (and 95% confidence intervals) were 3.3 (1.5-7.0) for sex (females vs males), 2.5 (1.2-5.5) for diabetes and 6.1 (1.5-25.4) for race (non-white vs white). None of the other clinical variables was accepted into the model using the above criteria. In bivariate stratified analysis, the odds ratio for women with diabetes vs males without diabetes (the lowest risk group) was 11.0 (3.3-39.0); odds ratios for diabetic males and non-diabetic females were 2.2 and 3.1 respectively. These results suggest that women with diabetes were an especially highrisk group of patients.
In retrospective analysis, peripheral vascular disease (PVD) was documented in the ipsilateral limb of 23 (42.6%) patients with a wound complication. In general, objective documentation by vascular laboratory study or Vascular Medicine 1999; 4: 83-88 arteriogram occurred only after postoperative development of the complications. In each case, healing was felt to be compromised by the chronic pre-existing ischemia present. Of these 23 patients, PVD was suspected by physical examination or by the vascular laboratory before CABG in only 10 (43.5%) preoperatively. Conversely, on review of the charts where peripheral vascular disease was objectively documented to be present postoperatively, 13 (56.5%) incorrectly noted normal pulses or failed to record a peripheral pulse examination at all in the chart before CABG. In this regard, 27.6% (45 of 163) of the total charts reviewed failed to record a lower extremity vascular examination at all (16/54, 29.6% study group vs 29/109, 26.6% control group). Less than 5% of the patients (study or control) obtained a lower extremity peripheral vascular non-invasive vascular study prior to CABG.
The most prevalent wound complication type, a nonhealing vein harvest incision site (n = 36 patients) was further analyzed by anatomic location. Wounds above the knee (n=19 patients) tended to occur because of technical operative problems (infection, skin flap necrosis, division of lymphatics with persistent leak, etc.). The wounds below the knee (n = 17 patients) were usually found at the ankle, and were objectively associated with PVD in 14 (82.4%) cases. In most instances the PVD was not suspected prior to CABG (9/14, 64.3%). In the three remaining cases, though never objectively documented, PVD was felt to play a role in the persistence of the non-healing wounds. Thus, a non-healing vein harvest incision made below the knee of a chronically ischemic limb occurred in at least 14 patients and probably occurred in 17 patients: 31.5% of the entire series of 54 patients. In retrospect, non-healing could have been expected to occur in each of these cases and, thus, could have potentially been avoided. 
Discussion
With the widespread availability and overall success of CABG in the past decades, extensive and admirable efforts have been made to detect, register, analyze and report morbidity and mortality after surgery. 11 Despite this, the complications still receiving the least attention are probably lower extremity wound problems. Perhaps in the overall scheme of cardiovascular surgery, where perioperative death, myocardial infarction or disabling stroke loom as a possible outcome with each operation, lower extremity wound problems seem relatively minor. Our report illustrates the contrary, where the potential benefits of CABG in some cases may be robbed by a disabling lower extremity wound complication. While minor, self-limiting leg wound complications often happen, this study focused on the more catastrophic lower extremity wound problems that can occur. Some 5% of our patients developed one of these limb-threatening lower extremity wound complications resulting in the need for a major peripheral vascular operation in 17%, at least one major lower extremity amputation in 7%, and a 10-day longer stay in the hospital on the average than their unaffected control cohort. Furthermore, this report suggests that chronic lower extremity PVD, while often unappreciated preoperatively, contributed to nearly one-third of the complications. Several reports have examined lower extremity problems after CABG. 5, [7] [8] [9] [10] 12, 13 Perhaps the most widely cited is a report by Utley et al 8 where leg wound healing was found to be impaired in 245 of 1047 patients (24%). However, included in this comprehensive report were all complications, major and minor, where the overall hardship to the patient was often not substantial. Severe complications, comparable to the ones in our report, occurred in less than 1% of CABG procedures reported by DeLaria et al in 1981. 9 In this report, approximately 2500 CABG operations were performed over 5 years, compared with 1090 over 1 year in our report, possibly reflecting the more lenient patient selection criteria for CABG in the 1990s (older, sicker, more re-do procedures) and perhaps explaining a potential reason for a higher lower extremity wound complication rate as well.
Interestingly, previous reports focused mostly on operative technique as the primary mechanism of lower extremity wound problems. These included skin flap necrosis of vein incisions, groin infection, lymphatic leak in the groin, abscess and wound separation. [5] [6] [7] [8] [9] [10] Rarely was peripheral vascular disease cited as a contributing factor for wound problems until recently. 12, 13 While many of the wound problems in this series were embolic or infectious, PVD probably represented the most important and consistent factor associated with wound non-healing. If one accepts the premise that adequate distal circulation is required for lower extremity wound healing, it only stands to reason that vein incisions and other wounds below the knee of a chronically ischemic leg would be expected to have impaired healing. This indeed was the scenario in around one-third of our wound-healing problems. In this study, older age and especially diabetes and female sex were statistically significant variables for a limb-threatening wound complication -all of which have been previously recognized as important risk factors for wound problems by others. 8, 9 When examining the relationship between PVD and coronary artery disease, much has been made about the high incidence of coronary artery disease in patients experiencing symptomatic PVD [14] [15] [16] and the benefits of coronary revascularization prior to surgery for PVD. 17 This report joins other reports conversely suggesting that the presence of PVD may compromise the overall results of CABG. In one report, the presence of PVD was actually shown to be an independent predictor of higher mortality after CABG. 18 While the reason for this remains speculative, our findings are more direct and obvious -vein harvesting from a chronically ischemic extremity, whether appreciated or not, will often result in lower extremity wound morbidity. Therefore, whether to identify the risk for higher mortality or to prevent the morbidity of lower extremity wound problems, the preoperative detection of lower extremity PVD in patients undergoing CABG appears to be important.
Perhaps the most troubling finding in this study was the inadequate preoperative documentation by physical examination of the lower extremity peripheral pulse status on patients being prepared for CABG. Of the charts reviewed, and whether a study patient or control, 27% failed to document a distal pulse examination in the records. Perhaps more concerning was the fact that 56% of the study patients who eventually had documented PVD after the wound complication developed, had either an incorrectly recorded normal pulse examination or no pulse examination in the records at all prior to CABG. While the unreliability of physical examination of the peripheral pulses when compared with objective non-invasive measurement has been reported, 19, 20 this was not a finding we anticipated at the outset of this study.
Should we be more conscientious about objectively documenting the preoperative presence or absence of lower extremity PVD in all patients undergoing CABG? A compelling argument could be made when examining the literature on preoperative carotid screening for the prevention of stroke during CABG. Most accept the intuitive relationship of carotid stenosis with the risk of perioperative stroke during CABG. 1, 21 However, that risk in patients with significant carotid occlusive disease is still probably less than 5%. 1 It has been our observation that carotid duplex scan screening is often performed prior to elective CABG procedures in an effort to detect carotid stenosis and, thus, prevent stroke. Given this, should not a preoperative ankle/brachial index be performed to detect occult PVD and possibly to prevent a devastating catastrophic lower extremity wound complication -a problem that occurs a similar 5% of the time? A preoperative ankle/brachial index, performed as an extension of the physical examination, is cheap, easy and reliable. 20, 20 These data at least suggest that more attention should be directed to the peripheral vascular status of patients undergo-Vascular Medicine 1999; 4: 83-88 ing CABG. With prior knowledge of a patient's peripheral vascular status, the appropriate utilization of leg incisions can be planned preoperatively. To this end, while groin complications were quite common in this series, they tended to fare better than wound problems below the knee. A total of 12 of the 13 patients who eventually required either limb amputation or major vascular surgery had wounds below the knee. All patients with groin wounds who survived eventually healed their wounds. Thus, given a patient with known PVD prior to CABG, vein harvest should probably be limited to the above-knee portion of the greater saphenous vein to avoid potential wound problems at the ankle. Perhaps formal screening with lower extremity vascular laboratory studies could be obtained in high-risk patients (age Ͼ 65 years, non-Caucasian, female, diabetic) where pulses are difficult to feel so vein incisions at the ankle could potentially be avoided.
In summary, non-healing vein incisions alone or in combination with other wounds, including heel decubitus ulcers, forefoot ischemic or embolic lesions, and groin abscess/hematomas, were the most frequent limb-threatening lower extremity wound complications encountered after CABG (5% incidence overall). These lesions occurred more frequently in older diabetic females and were associated with significant ipsilateral PVD in 42.6% of cases despite being clinically suspected preoperatively by physical examination in only 43.5% of these patients. Nearly one-third of the complications reported may have been avoided had a vein harvest incision not been made at the ankle of a patient with significant PVD and inadequate distal circulation for healing.
